INTRODUCTION
Availability of suitable prey in sufficient quantities during the shift from endogenous to exogenous feeding is an important factor determining survival and growth of larval fish (Hinrichsen et al. 2005) . The success of fish larvae feeding in the surface layer of the ocean is dependent of complex meteorological, oceanographic, ecological and morphological interactions, and it is species-specific in the requirements and responses to the physical interactions. For example, an increase in turbulence decreases the prey ingestion of larvae of an estuarine species (Mahjoub et al. 2012) , but increases the feeding and growth performance of an oceanic fish larvae (Kato et al. 2008 ). In herring, the feeding activity of medium size larvae is mainly related to water transparency, while in large larvae elevated copepod densities increase the feeding activity, and the increase of wind speed and temperature decreases the feeding activity (Arula et al. 2012) .
Prey distribution and their characteristics, such as size, pigmentation and motion, also play an important role in the detection of prey for visual foraging by fish (O'Keefe et al. 1998) . During the larval stage, most species feed on similar prey (nauplii and early life-history stages of copepods) (Pepin & Penney 1997 , Landaeta et al. 2011 . The microzooplankton and other potential prey items for fish larvae aggregates near fronts and clines in highly stratified marine and estuarine areas (Landaeta et al. 2013) . Because of this, it is expected that biophysical interactions occur within the pycnocline during the feeding activity (McManus & Woodson 2012) . Then, oceanographic observations must be conducted at spatial and temporal scales relevant to the determination of species composition of distributions to elucidate appropriate driving mechanisms (Woodson & McManus 2007) . A biological model that shows high phenotypic plasticity during early life stages along its latitudinal distribution is the anchoveta, Engraulis ringens (Jenyns, 1842) (Llanos-Rivera & Castro 2004 , 2006 Castro et al. 2009 ).
Engraulis ringens is subject to an intense (40,000-100,000 ton/year in the last decade, Gutiérrez et al. 2012) and economically important fishery in the south-eastern Pacific from Zorritos, Peru (4°30'S) to Chiloé, Chile (42°30'S) (Claramunt et al. 2012 , Gutiérrez et al. 2012 . The larval diet is based on phytoplankton, nauplii and copepodites off central Chile (Llanos et al. 1996 , LlanosRivera et al. 2004 , Yáñez-Rubio et al. 2011 This southernmost coastal environment, the northern Patagonian fjords, has different environmental forcing and structure compared with those of upwelling areas from Peru and central Chile. This area is characterised by complex marine-terrestrial-atmospheric interactions that result in high biological production, which increases in austral spring and summer (>1 g C m -2 d -1 ; Iriarte et al. 2007 , González et al. 2010 . Freshwater inputs from river run-off, glacial meltwater, and heavy rains loaded with silicic acid currently generate a positive estuarine circulation, with a brackish upper 10-30 m layer of the water column. This layer is separated from a marine water layer loaded with nitrate and orthophosphate by a strong pycnocline, resulting in overlapping limnetic and marine characteristics in the inner seas (González et al. 2010) . The complex fjord coastline is sheltered and increases the influence of the semi-diurnal tidal forcing (amplitudes from 1.5 to 8.0 m; Valle-Levinson et al. 2007 , Letelier et al. 2011 .
For the southern population of E. ringens, larger eggs and spawning and early nursery zones associated to areas with stronger vertical stratification has been recently described (Bustos et al. 2008) . However, there is no information about larval feeding strategies or growth in the area. For the southernmost population of E. ringens, can oceanographic conditions affect the diet and selectivity of larvae in a fjord? Our hypothesis is that 2 major oceanographic features of the area, a two-layer water column and the tides, may affect the trophic interactions of fish larvae in a short-term scale of time (from hours to days). The prediction is that the prey field (microzooplankton), the feeding success (expressed as prey composition and size) and selectivity will vary between vertical layers (brackish and marine layers) and between tidal phases (flood and ebb).
MATERIALS AND METHODS

FIELDWORK
During 10-13 December 2010 (austral spring) an intensive cruise was carried out in Hornopirén inlet (42º05'S, 73º35'W), a fjord-type environment. This area is characterised by the influence of the freshwater inputs of Río Blanco (average annual river discharge: 37 m 3 s -1 ) and Río Cuchildeo (17 m 3 s -1 ), and it has a maximum depth of 230 m (Fig. 1) . The tidal regime in the area is mainly semidiurnal, with a tidal range between 6 and 7 m during spring tides and decreases to 1 m in neap tides (ValleLevinson et al. 2007) . The location of the station was selected because it represents a site with the influence of a two-layer water column, with freshwater runoff in surface and saltier water below 30-40 m depth, and it is influenced by tidal forcing. Also, it has lower density of sea cages of salmon farming than other sectors of the inlet. Each sampling set consisted in a vertical cast of a CTD Seabird SBE-19 from surface to 60 m depth to characterise the vertical structure of temperature, salinity and density of the water column, sampling of seawater at 4 discrete depths (0, 5, 10 and 30 m depth) with 5-L Niskin bottles, and 2 oblique trawls with an opening-closing Bongo net (60 cm diameter, 300 m mesh size, with a TSK flow meter to estimate the filtered seawater) at 0-10 m (the mixed layer) and 10-45 m depth (pycnocline and deep layer). The seawater collected by Niskin bottles was filtered by a 25 m mesh and the retained material was fixed with 5% formaline buffered with sodium borate and stored in plastic bottles to identify and estimate microzooplankton abundance, as the potential prey field. Zooplankton captured by Bongo nets was also fixed with 5% formaline buffered with sodium borate and stored in plastic bottles. Filtered seawater by Bongo net ranged from 15.3 to 303.9 m 3 (mean ± one standard deviation: 84.1 ± 51.2 m 3 ). This sampling set was repeated 20 times, during flooding (10 times) and ebbing conditions (10 times), and mostly during daytime (75%), to ensure the presence of food in the guts.
LABORATORY WORK
In the laboratory, microplankton taken from the Niskin bottles was identified to the lowest possible taxon with an Olympus ® SZ5145A dissecting stereomicroscope, and their abundance was standardised at individuals per cubic meter (ind. m -3 ). The zooplankton samples were preserved in 96% ethanol, and all fish larvae were separated and identified to the lowest taxonomic status possible. Larval anchoveta E. ringens were counted and its abundance standardised to individuals (ind.) per 1000 m 3 . Wellpreserved larvae were measured (body length, BL) under an Olympus ® SZ61 stereomicroscope attached with a camera Motic moticam 2500 (resolution 5.0 M Pixel) and the software Motic Image Plus 2.0. The gut of each larva was dissected from the body and opened length-wise with fine needles. Prey items were counted and identified to the lowest possible taxon except for indigestible prey remains, such as setae, under a Motic BA310 microscope. The maximum BL and width of each prey item (maximum prey width, MPW) were measured with the microscope, a camera Motic moticam 2500 (resolution 5.0 M Pixel) and the software Motic Image Plus 2.0. The volume of each prey item was estimated using the three-dimensional shape that most closely resembled the item, following Cass-Calay (2003) and Sun & Liu (2003) . The prosome length of copepodite prey was measured since the urosome was often missing.
DATA AND STATISTICAL ANALYSES
Hydrographic data (temperature, salinity, density), abundance of potential prey field (nauplii and copepodites), anchoveta larval abundance, and body length of larvae collected at different strata and tidal phase were compared with Mann-Whitney U tests, because data showed no normal distribution (ShapiroWilk test, W > 0.559, P < 0.01). Because of microzooplankton data were collected at 4 discrete depth, while the ichthyoplankton was collected at 2 integrated depths, the two shallower (surface and 5 m depth) and the two deeper (10 and 30 m depth) samples of microzooplankton were integrated to readily compared the prey field with the larval distribution and feeding selectivity.
All larvae with identifiable prey in their guts were used for the analysis. The relationships between BL and maximum width of the preys (MWP) were determined by linear regression analysis separately for each sampled stratum (0-10 m and 10-45 m depth) and between tidal phases; comparisons of MWP-at-size and slopes were done with one-way ANCOVA. The feeding incidence (FI) was calculated as a percentage of the total number of larvae that had gut contents out of the total number of larvae examined (Sassa & Kawaguchi 2004) . Comparisons of FI between strata (0-10 m, 10-45 m depth), and tidal phase (flood and ebb) were carried out with contingence tables.
The diet was described using the percent frequency of occurrence (%F) of a diet item in larvae with food in their guts, the percent of total number (%N) of diet items examined and the percent of volume (%V) of each item out of the total volume of prey items. An index of relative importance (IRI) was calculated as follows: IRI = (%N + %V) × %F. To readily allow comparisons among prey items, the IRI was the standardised to %IRI for each prey item i (Cortés 1997).
To determine the variation of feeding success of larval E. ringens between vertical strata and between tidal phases, 3 measures were compared: number of prey items per gut (NPPG, number), maximum prey width (MPW, mm) and total prey volume per gut (TVPG, mm 3 ) (Reiss et al. 2002) . Prior to analysis, all measurements were related with BL by simple regression models. If  of the model was  0, then comparisons between strata (0-10 vs. 10-45 m depth strata) and between tidal phase (flood vs. ebb samples) were carried out by one-way ANCOVA; if  did not differ from zero, Mann-Whitney U tests were run to compare the feeding success between treatments of a factor.
For the prey selectivity analysis, the alpha index,  i (Chesson 1978), was calculated as
, where r i and p i are the percentage abundances of prey item i in the larval diet and in the plankton samples, respectively. Only the three most common food organisms ingested were considered for the purpose of focussing on preferences for organisms that contributed most to the larval diet, rather than on absolute prey preference (Morote et al. 2011) . The values of  i range from 0 to 1, with a critical (neutral) value of 1/m, higher values indicating preference and lower values rejection. As the index incorporates relative abundances of prey, it is unaffected by prey total abundance (Lechowicz 1982). Prey selectivity was calculated for individual larvae by prey type for 2 size classes: <7 mm and >7 mm BL.
RESULTS
PHYSICAL ENVIRONMENT
During the study period, two typical and noticeable layers were identified in the water column of Hornopirén inlet; a surface one, the mixed layer, characterised by warmer temperature (10.47-15.63ºC, 13.67 ± 0.63ºC), and lower salinity (12.67-31.38, 27.32 ± 4.46) Fig. 2 ). Throughout the days, there was an ascent of the thermocline; the isothermal of 12ºC ascended from 34 to 12 m depth, and periodic warming of the surface layer occurred during daytime (Fig. 2) . Both salinity and density showed high variation in the first 10 m depth, and they were keep largely stable conditions below 10 m depth. Fluctuations of the isopycnals were more evident in the first 10 m of the water column (Fig. 2) , and it can be observed in the zoom image, the 18 units of sigma-t isopycnal showed near-tidal oscillations in depth, with vertical excursions of ~2 m depth. The pattern of the water density field suggests the exit of lighter water parcels in the surface layer of the inlet during the ebb and intrusion of denser waters into the inlet during the flood. Differences of all physical parameters were significant between strata (temperature: U= 7957, P < 0.001; salinity: U= 4485, P < 0.001; density: U= 3966, P < 0.001).
MICROZOOPLANKTON ABUNDANCE AND DISTRIBUTION
The microzooplankton was composed by 27 different taxa. Suitable potential prey for larval anchoveta are indicated by asterisks in Table 1 (flood) and Table 2 (ebb). There were differences in the composition of the microzooplankton between tidal phases; during flood conditions, microzooplankton was composed of 27 taxa, but they reduced up to 24 taxa during ebb (Tables 1 and  2 ). Most taxa were highly abundant immediately below low surface salinity, at 5 and 10 m depth, and showed high temporal variability and did not show any clear pattern associated to the tidal cycle (Fig. 3) . Copepods (adults, copepodites and nauplii) dominated the composition of microzooplankton. Total nauplii varied in abundance from 0 to 2800 ind. m -3 (822 ± 736 ind. m -3 ), and reduced its abundance when denser waters occurred in surface and subsurface waters (Figs. 3 and 4) . However, non parametric tests did not detect significant differences between strata (U= 41.5, P= 0.543) nor between tidal phases (U= 33, P= 0.321). Copepodites were largely abundant throughout the studied period and among depths (range: 0-26200 ind. m -3 ; 5930 ± 4737 ind. m -3 ), except in the surface (Fig. 4) ; its abundance was larger in the deep layer (U= 20, P= 0.001) and during flood (U= 39, P= 0.045).
DISTRIBUTION, ABUNDANCE AND LENGTH OF LARVAL
ANCHOVY
Engraulis ringens larvae were the most abundant taxon in the plankton samples from Hornopirén inlet during December 2010. A total of 1090 larvae were collected during 10-13 December (31.91% of the whole ichthyoplankton), varying from 14.93 to 781.56 ind. 1000 m -3 (mean ± standard deviation, 199.78 ± 159.78 ind. 1000 m -3 , median: 173.33 ) del microzooplancton recolectado a diferentes profundidades en condiciones de llenante durante el 10-13 de diciembre de 2010 en canal Hornopirén, Patagonia chilena. SD corresponde a una desviación estándar; las presas potenciales de las larvas de anchoveta están indicadas con asterisco (*) Revista de Biología Marina y Oceanografía ind. 1000 m -3 ) (Fig. 4) . There was no significant differences in the abundance between strata (Mann-Whitney U test, U= 188, P= 0.745) nor between tides (U= 170, P= 0.446). Larval size ranged from 2.54 to 15.07 mm BL (6.00 ± 1.72 mm BL, n= 572). Larvae collected in the mixed layer (0-10 m depth) were significant larger (6.25 ± 1.80 mm) than those collected in the deep layer (10-45 m depth, 5.76 ± 1.59 mm) (U= 34992, P= 0.002), but body length did not vary during both tidal phases (U= 35026, P= 0.117).
FEEDING INCIDENCE AND LARVAL DIET
The diet of larval E. ringens was based in the analysis of 486 gut contents (size range 2.54-15.02 mm BL). From those, only 95 larvae had any content in its guts (FI= 19.51%). There was no differences in the FI between strata (0-10 m: FI= 19.69%; 10-45 m: FI= 19.31%;  2 = 0.011, P= 0.918); however, FI was higher in larvae captured during flood (FI= 25.09%) than ebb (FI= 11.94%,  2 = 12.9, P < 0.001). Also, larvae fed mostly during day hours (FI= 26.66%) than night (FI= 2.11%,  2 =38.6, P < 0.001). The diet of E. ringens larvae collected during 4 consecutive days was composed of 13 different prey items, mainly nauplii, calanoid and harpacticoid copepodites, and dinoflagellate cysts (Table 3) . Numerically, nauplii, chitinous remains and dinoflagellate cysts were the most important prey items; volumetrically, nauplii and copepodites of the large calanoid copepod Rhincalanus nasutus were the most relevant taxa (Table 3 ). The most frequent prey items in the guts were nauplii, chitinous remains and Microsetella copepodites. In all conditions (flood, ebb, mixed and deep layers), nauplii represented more than 70% of the gut content, followed by copepodites (Fig. 5) . ) del microzooplancton recolectado a diferentes profundidades en condiciones de vaciante durante el 10-13 de diciembre de 2010 en canal Hornopirén, Patagonia chilena. SD corresponde a una desviación estándar; las presas potenciales de las larvas de anchoveta están indicadas con asterisco (*)
Trophic selectivity of larval anchoveta in a fjord ) during the study period in Hornopirén inlet, northern Patagonia. e= ebb, f= flood / Abundancia del campo de presas potencial (microzooplancton) (ind. m -3 ) durante el periodo de studio en canal Hornopirén, Patagonia norte. e= vaciante, f= llenante Table 3 . Diet of the larval Engraulis ringens collected during 10-13 December 2010 in Hornopirén inlet. %N correspond to the percent of the total number of prey items, %V correspond to the percent of the total volume of prey items, and %F the percent frequency of the occurrence of a diet item among larvae with food in their guts. %IRI correspond to the index of relative importance as percentage / Dieta de larvas de Engraulis ringens recolectadas durante el 10-13 de diciembre de 2010 en el canal Hornopirén. %N corresponde al porcentaje del número total de items presa, %V corresponde al porcentaje del volumen total de ítems presa, y %F a la frecuencia porcentual de la ocurrencia de un ítem dietario entre las larvas con contenido en sus estómagos. %IRI corresponde al índice de importancia relativa como porcentaje 
FEEDING SUCCESS AND SELECTIVITY
A total of 181 prey items were identified in the gut contents. The smallest prey item recorded in larval E. ringens was small nauplius (15.18 m width) in a larva measuring 6.43 mm BL, and the largest prey was a Rhincalanus nasutus copepodite (267.37 m width) in a larva that measured 10.46 mm BL (Fig. 6) . The number of prey items per gut ranged from 0 to 19 (1.89 ± 2.07, excluding zeros). There was no significant increase or decrease of NPPG during the larval development (oneway ANCOVA, F= 3.42, P= 0.067) (Table 4, Fig. 6 ). Larval anchoveta collected in the deep stratum had higher number of prey items per gut (2.35 ± 2.79 prey) than those collected in the mixed layer (1.48 ± 0.89 prey) (U= 771, P= 0.008), but it did not differ between tidal phases (U= 652, P= 0.086).
Total volume per gut varied from 6.85 x 10 -5 to 0.029 mm 3 (Fig. 6 ). There was a slight but significant increase in the TVPG along larval growth (F= 14.76, P < 0.001, Table  4 ). Adjusted linear models for each stratum and tidal phase are showed in Table 4 . No significant effects of the hydrographic features of the water column structure (oneway ANCOVA, F= 1.01, P= 0.317) nor the tidal phase (F= 1.48, P= 0.227) over the TVPG were detected.
There was a significant increase in the prey size during the larval development (F= 37.05, P < 0.001, Table 4 ), although the model only explained 17.2% of the data. When the relationship between prey size and body length was compared between strata, those larval anchoveta collected in the mixed layer predates over larger preys than those collected in the deep strata (one-way ANCOVA, Figure 5 . Index of relative importance (%IRI) of the diet of larval Engraulis ringens by strata and tidal phase / Índice de importancia relativa (%IRI) de la dieta de larvas de anchoveta Engraulis ringens por estrato y fase mareal Table 4 . Linear regressions of body length (BL) of larval anchoveta in relation to their feeding success. NPPG= number of prey per gut; TVPG= total volume of prey per gut; MPW= maximum prey width. = intercept, = slope, SE= standard error. For TVPG and MPW, models are given by stratum and tidal phase; significant regressions (P) indicated by bold numbers / Regresiones lineales de la longitud corporal (BL) de larvas de anchovera en relación a su éxito alimentario. NPPG= número de presas por estómago; TVPG= volumen total de presas por estómago; MPW= ancho máximo de la presa. = intercepto, = pendiente, SE= error estándar. Para TVPG y MPW, los modelos son entregados por estrato y fase mareal; las regresiones significativas (P) son indicadas con negrita F= 4.99, P= 0.026), but no differences arose between tides (F= 3.76, P= 0.054). Because the relationship between prey size and BL was weak, more experiments should be done in the future for a robust result.
Prey selectivity of larval anchoveta change between layers of the water column and tides (Fig. 7) . Larval E. ringens of all sizes positively select nauplii and copepodites in the mixed layer during flood, but during ebb conditions, large larvae tend to select copepodites as the preferred prey. On the other hand, in the deep layer only nauplii were positively selected during flood and ebb tidal phases (Fig. 7) , although during flood the Chesson value for nauplii was near to the limit value (0.33).
DISCUSSION
In a fjord-like environment of the Chilean Patagonia, the two most important oceanographic features, the hydrographic conditions of the 2 vertical layers, and the tides, affected the composition of microzooplankton, and the feeding incidence, success and selectivity of the larval anchoveta Engraulis ringens, but not their vertical distribution or abundance. Of both oceanographic factors, the hydrographic conditions of the vertical layers seem to have more biological consequences than tidal variations. Only abundance of copepodites in the field and the feeding incidence of E. ringens varied significantly within the tides, being larger during the flood.
The most important prey for larval E. ringens, the copepod nauplii, was collected in similar abundance throughout the study period. Also, the feeding incidence and the total prey volume ingested by larvae were the same in the brackish, mixed layer and the saltier, deep layer. Nonetheless, trophic interactions were different in order to obtain similar prey volume in the guts of larval E. ringens. In the upper, brackish and warmer water, larval E. ringens ingested less prey but of larger size, selecting nauplii and copepodites as the main prey items. On the other hand, in the deep, saltier and colder water, larvae ingested more prey of smaller size, showing only selectivity for nauplii. Low feeding incidence was found in the guts of larval E. ringens (~20%). This pattern also has been observed in larval anchovies and sardines (Engraulis encrasicolus, 20-30%, Conway et al. 1998 , Catalan et al. 2010 , Morote et al. 2010 , E. anchoita, 29-52%, De Ciechomski 1967 , Vasconcellos et al. 1998 , Sardina pilchardus, 31.7%, Morote et al. 2010 , irrespective of the environment where they were collected. This may be due because clupeoid larvae are particularly susceptible to evacuation (regurgitation or defecation) in their gut contents during sampling and preservation (Arthur 1976). Additionally, clupeoid larvae have short gut evacuation rates. For example, Herrera & Balbontín (1983) estimated a gut evacuation time of 3-10 h for larval Sardinops sagax, with a reduction in time along the larval development. Conway et al. (1998) suggested for larval E. encrasicolus a rapid gut clearance to explain the high percentage of empty guts. In our case, although low, the feeding incidence increased twice during the flood. This pattern is not affected by time of the day, because most larvae studied in the gut content analysis were collected during day hours (92 out of 95 larvae with content in its guts). Indirectly, change of tides may vary the water column turbidity, and suspensions may enhance feeding by providing visual contrast of prey items on the small perceptive scale used by the larvae (Boehlert & Morgan 1985) .
Larval stages of Engraulis fed mostly on a mixture of phytoplankton and copepod stages (eggs, nauplii, copepodites) (Tudela et al. 2002 , Morote et al. 2010 , Sato et al. 2011 . The prey composition and size range of ingested prey by larval E. ringens in this study was similar to those described by Llanos et al. (1996) and Yáñez-Rubio et al. (2011) for larval E. ringens from central Chile. Larvae at both locations predate mainly over copepod nauplii and copepodites and dinoflagellates (Ceratium furca); nevertheless, larval anchoveta from the upwelling areas (central Chile) are more diverse in prey items (bivalve larvae, grain pollen, copepod eggs, Diplopsalis, Protoperidinium sp.) than those from the fjord areas. Therefore, prey size preferences during larval stage of the anchoveta are similar in upwelling and fjord ecosystems of the South Pacific.
Differences in sea water density between vertical layers may have some effects in the selection of prey for larval E. ringens, because of the swimming capabilities of microzooplankton. Microzooplankton in lighter sea water parcels may increase their locomotory patterns because it is less viscous. Naupliar stages of calanoid copepods swim in an irregular pattern with rapid jumps covering several body lengths separated by several seconds of slow swimming behaviour or non-swimming periods during which they sink slightly. In contrast, naupliar stages of cyclopoid copepods have a swimming pattern that is characterised by much longer periods of nonswimming (up to 30-40 s) (Buskey et al. 1993) . In general, the prey becomes more easily detected, either visually or vibrationally, with increased activity. The type of motion (e.g., pulsed vs. constant swimming) may also be important as a clue (Govoni et al. 1986) . Therefore, these behaviours may have impact on prey selectivity of larval E. ringens.
Previous reports have shown changes in prey selectivity of fish larvae along ontogeny (Llanos-Rivera et al. 2004 , Morote et al. 2010 , associated to changes in prey density (Schmitt 1986 ) and prey visibility (Peterson & Ausubel 1984) , but there are scarce reports about changes in selectivity associated to oceanographic features. In our study, selectivity was large for nauplii in the mixed layer compared to the deep layer. When fish larvae are eating mainly the prey type that is more highly available, like nauplii seem to be in this case, that doesn't mean that there is an actual preference towards that prey type, but simply it is more convenience. Fish larvae prefer bigger and/or more energetic prey, in order for the larvae to optimize their efforts. However, whenever there are not highly energetic prey available, larvae would feed on anything that is easy to catch, i.e., the most abundant prey. Similarly, Dower et al. (1998) described that larval radiated shanny (Ulvaria subbifurcata) contained significantly fewer items in their guts on high-turbulence days, and these prey items were significantly larger that those found on low-turbulence days. Then, turbulence and sea water density may affect the size selectivity of larval E. ringens.
